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@ Piezoelectric pressure sensor. 

@ A piezoelectric pressure sensor, preferably for a vortex- 
shedding flowmeter. A piezoelectric transducer is located in 
a sensor chamber between and .in physical contact with a 
vibratory diaphragm and a chamber surface. Pressure fluc- 
tuations In a von Karman vortex street outside the di- 
aphragm compress the transducer, between the diaphragm 
and chamber surface. The transducer generates a responsive 
electrical signal which is related to the pressure fluctuations. 
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PIEZOELECTRIC PRESSURE SEPSOR 

This invention relates to a fluid pressure sensor, and more 
particularly, to a piezoelectric, vortex-shedding flowmeter pressure 
sensor. 

Certain bluff bodies, when placed in fluid flow paths, shed 
vortices in a stable vortex formation known as a von Karman vortex 
street. With preferred bodies, the spacing of the vortices of the von 
Karman vortex street Is sufficiently constant over desireable ranges 
of fluid velocities that vortex frequency can be considered 
proportional to fluid velocity. Vortex frequency can be measured by 
10 sensing the frequency of fluid pressure fluctuation at a fixed point in 
the street, since the pressure at the fixed point fluctuates between a 
first pressure, when a vortex is present at the point, and a second 
pressure, when a vortex is absent. 

Piezoelectric material is a desirable material as a pressure 
15 sensor. The material operates without external power supply, and 
responds well to applied pressure fluctuation, with an electrical 
signal which can be amplified for electronic processing. As a result, 
piezoelectric material would seem an obvious choice for the sensing 
of fluid pressure in a von Karman vortex street. Recognition of this 
20 desirability was evidenced long ago in U.S. Patents 2,809,520; 
3,116,639 and 3,218,852. 

However, only one vortex-shedding flowmeter pressure sensor 
that employs piezoelectric material is known to have been offered 
commerciaUy. This sensor is disclosed in Figures 1-8 of U.S. Patent 
25 4,085,614, (hereinafter Curran et al.) issued April 25, 1978 to John R. 
Curran et al. for a Vortex Flow Meter Transducer. 
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While the Identified sensor of Curran et al may be 
advantageous, it involves many parts and the filling of a chamber 
with oiL (See Figure 7 of Curran et al.) As a result, assembly may be 
complex. Moreover, the piezoelectric disc employed in the sensor 
5 operates in a flexure mode* (Curran et al, column 7, lines 31-35.) 
Le., the center of the disc moves laterally relative to the disc edges 
such that the disc is flexed into varying degrees of curvature. This 
mode of operation requires relatively wide deflection of the 
piezoelectric disc for signal generation. Wide deflection of the disc 

10 entails wide deflection of the diaphragms of the sensor, which causes 
diaphragm fatigue and rupture to be a stated concern (Curran et al, 
column 6, lines 47-51 and column 10, lines 19-21). While Curran et al 
suggests piezoelectric elements other than the circular, ceramic disc 
of Figures 1-8 (Curran et al, column 7, lines 16-19) the three 

15 alternatives suggested (in Figures 9-13 and columns 9-11) all operate 
in the flexure mode, and only the embodiments with oil-filled 
chambers, those of Figures 11-13, have the preferred (column 6, 
lines 43-47), circular diaphragm. Thus, Curran et al teach and 
suggest several embodiments of a piezoelectric, vortex-shedding 
20 flowmeter pressure sensor which is not wholly advantageous. 
Simplicity and ruggedness remain in the art as unachieved objectives. 

In sum, piezoelectric materials have been long known to be 
desirable for vortex-shedding flow meter pressure sensors, but the art 
to date has failed to discover a simplified, rugged piezoelectric 
25 sensor suitable for commercial offering. As a result, most 
commercial offerir^ of sensors continue to be of the hot wire and 
other non-piezoelectric types. 
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SUMMARY OF THE INVENTION 

An object of this Invention is to provide a piezoelectric 
pressure sensor which is suitable for sensing dynamic fluid pressure. 

Another object of this invention is to provide a piezoelectric 
pressure sensor which is suitable for a vortex-shedding flowmeter. 
5 Another object of the invention is to provide a piezoelectric 

pressure sensor suitable for a vortex-shedding flowmeter which is 
also ingeniously simple. 

A fourth object of the invention is to provide an ingeniously 
simple piezoelectric sensor for a vortex-shedding flowmeter, which is 
10 rugged enough to withstand the high frequency vibrations of a von 
Karman vortex street (e,g., 10-120 Hz for liquid, 100-1200 Hz for gas 
in a 50mm conduit), without damage from fatigue or rupture, 
throughout an extended useful life. 

These and other objects and advantages are satisfied by the 
15 invention, which, in principal aspect, is a fluid pressure sensor com- 
prising a sensor body, a piezoelectric transducer and a vibratory 
diaphragm. The sensor body defines a sensor chamber with a cham- 
ber opening and a chamber surface opposite the opening. The 
diaphragm is mounted on the body and seals the opening. The 
20 transducer is located in the sensor chamber between the diaphragm 
and the chamber surface. The transducer is in contact with the 
diaphragm and chamber surface. The relative rigidities of the 
chamber surface, diaphragm and transducer are such that pressure 
fluctuations outside the chamber against the diaphragm cause com- 
25 pression fluctuations in the transducer. The transducer responsively 
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generates an eleetrlcal signal reUted to the compression 
fluctuations, and the pressure fluctuations. 

In this aspect, the invention is a pressure sensor operating in a 
compression mode, as opposed to a flexure mode. The compression 
5 mode involves relatively no deflection, as compared to a flexure 
mode. In addition, the invention is a sensor in which the diaphragm is 
in physical contact with the transducer, and the transducer is in 
physical contact with the chamber surface. The diaphragm is 
physically supported by the transducer and chamber surface. 
10 Pressure on the diaphragm is directiy transmitted to the transducer. 
As a result of the mode of operation and the physical contact, 
relatively no stress, fatigue and rupture of the diaphragm occurs, as 
compared with the sensor of Curran et aL 

Further, the direct physical contact of the diaphragm and 
15 transducer involves a simpUcity which is ingenious, especiaHy as 
compared to the eommerciaUy-offered sensor of Curran et aL 
Components such as the oU fill, oil ports, spacer rings and clamp 
rings are absent from the inventive sensor, resulting in ease ol 
manufacture and economy. 
20 These and other oblects, aspects and advantage of the in- 

vention are further detailed in the description which follows. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The preferred embodiments of the invention are described in 
relation to the accompanying drawing. The drawing consists of nine 
figures, wherein: 

Figure 1 is a perspective view of a vortex^hedding flowmeter, 
5 cut away to reveal the location of the first preferred embodiments of 
the invention; 

Figure 2 is a broken, cross-section and schematic view of the 
first preferred embodiment, taken along line 2-2 in Figure 1; 

Figure 3 is a perspective view of the first preferred embodi- 
10 ment, with some elements cross-sectioned as in Figure 2 and others 
shown in full, for clarity; 

Figure 4 is a cut-away, perspective yiew of a second preferred 
embodiment of the invention; 

Figure S is a broken cross-section view of the second preferred 
15 embodiment, taken along line 5-5 in Figure 4; 

Figure 6 is an exploded, perspective view of the second pre- 
ferred embodiment; 

Figure 7 is a perspective view similar to Figure 3 of a third 
preferred embodiment of the Invention; 
20 Figure 8 is a perspective view similar to Figure 1 of a flow 

meter cut away to reveal a fourth preferred embodiment of the 
invention; and 

Figure 9 is a broken, side elevation view of the fourth preferred 
embodiment. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to the aeeompanyin? drawing, the first preferred 
embodiment of the invention is a fluid pressure sensor generally 
designated 10* Referring to Figure 1, the sensor 10 is located within 
and as part of a vortex-shedding flowmeter generally designated 12. 
5 The purpose of the meter 12 is to measure the velocity of a fluid 
flowing within a pipe (not shown). The meter 12 includes pipe 
sections 16 and 17 to be fitted to the pipe, and velocity reporting or 
recording instruments such as electronic signal conditioning and 
enhancing circuitry associated with a gauge 18. 
10 The meter 12 operates by creating a von Karman vortex street 

in the pipe section 16, and measuring the frequency of fluid pressure 
fluctuations at a fixed point in the street* In the embodiment 
illustrated, a bluff body 14 is adapted to cause the street within the 
pipe section 16. Fluid flows past the body 14 in the direction of the 
15 arrow 8. A sensor-carrying body 20 (also a bluff body) is located 
downstream of the separation point of the bluff body 14, within the 
wake thereof, with two (one is shown in Figure 1) side surfaces 22a, 
22b parallel to and directly inside the rows of the street. The 
vortices of one row pass directly beside one side surface 22a; the 
20 vortices of the other row pass directly beside the other side 
surface 22b. Thus, the frequency of pressure fluctuations in the 
street can be measured at the side surfaces 22a, 22b. 

The frequency is measured by the sensor 10, which is located on 
and within the body 20. The sensor includes the portion 24 of the 
25 body 20 adjacent the vortex rows, and two vibratory diaphragms 26a, 
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26b. One diaphragm 26a is located on the one side surface 22a, and 
the other diaphragm 26b is located on the other side surface 22b. 

The sensor further includes two sensor chambers 28a, 28b; two 
piezoelectric discs SOa, 30b; two pairs 32a, 34a and 32by 34b of 
5 electrical leads; and two electrical insulators 35a, 35b. The sensor 
chambers 28a, 28b extend generally perpendicular to the body side 
surfaces 22a, 22b. The piezoelectric discs 30a, 30b are located with- 
in the chambers 28a, 28b and the leads 32a, 32b, 34a, 34b extend 
from within the chambers through a passage 36 in the body 20 toward 
10 the gauge 18. The leads are electrically connected to the signal 
conditioning and enhancing circuitry. 

The pairs of sensor chambers 28a, 28b; discs 30a, 30b; leads 
32a, 34a, 32b, 34b; and insulators 3Sa, 35b are substantially identical 
to each other. The chamber 28a, disc 30a, and leads 32a, 34a are 
15 mirror images of the chamber 28b, disc 30b, and leads 32b, 34b, 
respectively. For clarity of drawing and description, only chamber 
28a, disc 30a, leads 32a, 34a and insulator 35a are now described. 

Chamber 28a is a substantially cylindrical boring, with a 
counterbore. A sidewall 38a of the chamber 28a extends from a 
20 substantially circular chamber opening in the body side surface 22a, 
inward of the body portion 24. The sidewall 38a has a substantially 
uniform diameter, from a ledge 42a adjacent the body side surface 
22a to a substantially circular, inner chamber surface 44a. The 
surface 44a meets the sidewall 38a to form the "bottom" of the 
25 chamber 28a« The surface 44a is substantially planar, substantially 
circular, and parallels the side surface 22a and ledge 42a. 

The ledge 42a supports the periphery of the diaphragm 26a, 
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which is a thin, circular member. The diameters of the sidewall 
portion 40a and diaphragm 26a are sized to provide a snug fit 
between the diaphragm 26a and sidewall portion 40a. The width of 
the sidewall portion 40a is sized to provide for support of the 
5 diaphragm 26a by the ledge 42a, with the outer surface of the 
diaphragm 26a being substantially coplanar with the body side surface 
22a. 

The diaphragm 26a is secured to the ledge 42a. A laser weld 
may, for example, seal the diaphragm 26a about its periphery to the 
10 ledge. The seal isolates the interior of the chamber 28a from the 
fluid in the flowmeter 12, to provide a benign environment for the 
disc 30a, leads 32a, 34a and insulator 3Sa. The laser weld is 
especially dedraUe for the seal, to ^minate disc damage from 
overheatings 

IS The disc 30a is fitted within the diambtf 28a between the two 

leads 32a, 34a, and the insulator 35a. The disc 30a is in direct 
physical contact with the leads and insulator, and thereby in indirect 
physical contact with the diairtiragra 26a, the inner chamber surface 
44a and the sidewall 38a. More specifically, the disc 30a is sand- 
20 wiched between a thin, planar and circular portion 46a of the lead 
32a and a substantially identical portion 48a of the lead 34a. The 
lead portion 46a is parallel to, and abuts, the diaphragm 26a over its 
whole surface, w:hile the lead portion 48a is parallel to, and abuts, the 
chamber inner surface 44a over its whole surface. The insulator 35a 
25 extends around the edge of the disc 30a along the chamber 
sidewall 38a, from one side of the narrow strip 50a to the other side 
thereof. 
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The disc 30a, leads 32a, 34a, and insulator 35a are snugly dry- 
mounted In the chamber 28a, with allowance for disc dimensional 
changes on the order of several microinches. They are not attached 
to each other in the chamber 28ay or to the diaphragm 26a or body 
20. No fluid is present in the chamber 28a. 

The disc 30a is a piezoelectric transducer, and more 
specifically, a cylindrical disc of ceramic or crystalline material 
having piezoelectric properties. One such disc is made by the 
Vernitron Corporation of Bedford, Ohio. Compression across the 
10 opposite, planar surfaces of the disc causes the disc to generate 
positive and negative charges at the opposite surfaces. These 
charges are related to the amount of compression across the disc. 

The generated charges are carried by the leads 32a, 34a to the 
gauge 18. Electrical contact with the charged surfaces of the disc 
15 30a is provided by the circular portions 46a, 48a of the leads. The 
leads are formed by copper deposit on a polyimide film, etching to 
remove undesired deposit, application of a second film, and stamping 
to separate completed leads. 

The insulator 35a is also formed of an insulation (e.g., 
20 polyimide) coated copper or other stiff and springy material* The 
polyimide film completely envelopes the copper. The insulator is 
initially formed as a flat strip, with the copper providing the support 
and flexibility required for shaping of the insulator 35a. 

The disc 30a is thus held within the chamber 28a, between the 
25 diaphragm 26a and chamber surface 44a. The rigidities of the 
chamber surface 44a, disc 30a and diaphragm 26a are related such 
that pressure fluctuations applied against the diaphragm 26a cause 
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compression fluctuations In the disc 30a. Since the disc 30a responds 
to compression fluctuations with an electrical signal related to the 
compression fluctuations, and since the compression fluctuations are 
related to the pressure fluctuations, the signal of the disc 30a is 
5 related to the pressure fluctuations. Thus, the frequency of pressure 
fluctuations adjacent the one body side surface 22a can be de- 
termined from the frequency of the signal of the disc 30a. 

It should be understood that each disc 30a, 30b generates an 
electrical signal. The signals have the same frequency, since the 
10 vortex rows have the same frequency. As a result, the signals may be 
electronically processed together or separately, as desired, to record 
or report the frequency of fluid pressure fluctuations in the street, 
and thereby the velocity of the fluid. One desired processing 
alternative is the subtraction of signals from the sensor pair to 
15 achieve a high signal to noise ratio* 

The flrst preferred embodiment is now described. Referring to 
Figures 4-6, the second preferred embodiment is a fluid pressure 
sensor generally designated 60. The sensor 60 includes a portion 64 
of a body 62, and two vibratory diaphragms 66a, 66b (not shown in 
20 Figures 4 and 6, for clarity). One diaphragm 66a is located on one 
side surface 68a of the body 64, and the other diaphragm 66b is 
located on the opposite side surface 68b of the body 64. 

The sensor 60 further includes a sensor chamber 70; two 
piezoelectric plates 72a, 72b; two pairs 74a, 76a and 74b, 76b of 
25 electrical leads; and an electrical insulator body 78. The sensor 
chamber 70 extends generally perpendicular to the body side 
surfaces 68a, 68b through the body portion 64. In planes parallel to 
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the body side surfaces 68a, 68b, the sensor chamber 70 is oblate in 
shape, as are the diaphragms 66a, 66b. 

The insulator 78 occupies the chamber 70. The insulator 78 is 
externally shaped to match the chamber 70. A passage 80 in the 
5 insulator 78 Is aligned with a passage 82 In the body portion 64, and 
opens into two plate chambers 84a, 84b in the Insulator 78. The 
piezoelectric plates 72a, .72b and the leads 74a, 76a, 74b, 76b are 
located within the chambers 84a; 84b, respectively. The leads extend 
from within the chambers 84a, 84b through the passages 80, 82. 
10 In further detaQ, the sensor 60 is similar to the sensor 10. For 

example, the plates 72a, 72b are sandwiched between their respective 
leads 74a, 78a, 74b, 76b in Indirect physical contact with the 
respective diaphragms 66a, 66b and inner chamber surfaces 86a, 86b. 
' Referring to Figure 7, the' third preferred embodiment is a 
15 sensor 100. The sensor 100 is substantially identical to the sensor 10. 
The exception is that the piezoelectric elements 102a, 102b are oblate 
and the sensor chambers, leads and diaphragms are shaped to match. 
Physical interrelationships are retained, and function is enhanced, as 
with sensor 60, by the increased dimension of the piezoelectric 
20 elements in a direction transverse to the street. 

Referring to Figures 8 and 9, the fourth preferred embodiment 
is a sensor no having the enhanced function of the sensors 60, 100 
achieved by pairing piezoelectric discs 30a, 30b and the associated 
structure of the sensor 10 with two further, spaced discs 30a, 30b and 
25 structure (30b discs not shown), for a total of four discs. In 
structure, the sensor 10 is equivalent to two sensors 10, with the leads 
of the 30a discs connected and the leads of the 30b discs connected. 
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The preferred embodiments of the invention have 
now been described in detail, with the non-sensor 
aspects of the illustrated floivmecer onlv eenerally 
aescribed, for clarity. However, it should be xmder- 
stood that while the invention is described in the context of a 
specific type of vortex-sheddinj flowmeter for which it is especially 
adapted, the invention is not restricted to such an application. 
Vortex-shedding flowmeters of various types may include the 
invention, as may non-vortex-shcddingf flowmeters. For example, a 
vortex-shedding flowmeter with a single bluff body may include the 
invention. As another example, a vortex-shedding "flowmeter may 
include the invention positioned on a wall of the meter. Moreover, 
the invention may be applied to diverse flow measurement apparatus, 
such as may be used in ducts, open channels and wherever the sensing 
of dynamic fluid pressure is desired. 

Thus, while preferred embodiments of the present invention 
have been described and illustrated in specific applications, the 
invention should not be limited thereto, but may be otherwise 
embodied within the scope of the following claims. 
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CLAIMS 

1, A dynamic fluid pressure sensor comprising: 

a sensor body (20) defining a sensor chamber (28a) with a 
chamber opening and a chamber surface (44a) opposite the opening; 
a vibratory diaphragm (26a) mounted on the body and sealing 

the opening; and 

a piezoelectric transducer (30a) located in the sensor cham- 
ber between the diaphragm and the chamber surface^ the transducer 
being in contact with the diaphragm and the chamber surface / with 
the relative rigidities of the chamber surface, transducer and 
diaphragm being such that pressure fluctuations outside the cham- 
ber against the diaphragm cause compression fluctuations in the 
transducer^ and with the transducer orientated such that com- 
pression fluctuations of the transducer between the diaphragm and 
chamber surface cause the transducer to responsively generate an 
electrical signal related to the compression fluctuations, and 
thereby the pressure fluctuations • 

2, A dynamic fluid pressure sensor as in Claim 1 further com- 
prising a pair of electrical leads (32a, 34a) to the transducer, 
one of the electrical leads being positioned between the diaphragm 
and the transducer in direct physical contact with the diaphragm 
and transducer, and the other of the electrical leads being 
positioned between the transducer and the chamber surface in 
direct physical contact with the transducer and chamber surface. 

3, A dynamic fluid pressure sensor as in Claim 1 or Claim 2 
in which the sensor body defines a chamber wall (38a) between the 
chamber opening and chamber surface, and the transducer has an 
edge, the sensor further comprising means (35a) for electrically 
insulating the transducer along the edge, the insulating means 
being mounted along the edge against the chamber wall. 
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4. A dynamic fluid pressure sensor as in Claim 1, 2 or 3, 
in which the sensor chamber is substantially cylindrical, the 
chamber opening, chamber surface and diaphragm are substantially 
circular, and the transducer is a substantially cylindrical disc. 

5. A dynamic fluid pressure sensor as in Claim 1, 2 or 3, 
in which the sensor chamber is substantially oblate, the chamber 
opening, chamber surface and diaphragm are substantially oblate, 
and the transducer is a substantially oblate element. 

6. In a vortex-shedding flowmeter having a bluff 

body (14) , generating a von Karman vortex street of two rows of 
vortices in a flow of fluid, and a sensor carrying body (20) , 
the improvement comprising : 

a portion of the sensor-carrying body defining two sensor 
chambers (28a, b) extending generally perpendicular to the side 
surfaces (22a, b) from the side surfaces, into the portion, with 
chamber openings at the side surfaces and chamber surfaces (44a, 
b) opposite the openings; 

two diaphragms (26 a, b) , one of the diaphragms (26a) being 
mounted on the body to one of the side surfaces (22a) and 
sealing one of the chamber openings and the other of the 
diaphragms (26 b) being mounted on the body to the other of the 
side surfaces (22 b) and sealing the other of the chamber 
openings; 

two piezoelectric transducers (30a, b) , one of the trans- 
ducers (30a) being located in the one sensor chamber (28a) be- 
tween the one diaphragm {26a) and one of the chamber surfaces 
(44a) , the one transducer being in contact with the one diaphragm 
and the one chamber surface, with the relative rigidities of the 
one chamber surface, the one transducer and the one diaphragm 
being such that pressure fluctuations in one of the rows of 
vortices outside the one chamber against the one diaphragm cause 
compression fluctuations in the one transducer, and with the one 
transducer orientated such that compression fluctuations of the 
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one transducer between the one diaphragm and the one chamber 
surface oause the one transducer to generate a first electrical 
signal related to the compression fluctuations r and thereby 
the pressure fluctuations, in the one row of vorticos, and 

the other of the transducers (30b) being located in the 
other sensor chamber (28b) between the other diaphragm (26b) 
and the other chamber surface (44b) , the other transducer be- 
ing in contact with the other diaphragm and the other chamber 
surface, with the relative rigidities of the other chamber sur- 
face, the other transducer and the other diaphragm being such 
that pressure fluctuations in the other of the rows of 
vortices outside the other chamber against the other diaphragm 
cause compression fluctuations in the other transducer, and 
with the other transducer orientated such the compression 
fluctuations of the other transducer between the diaphragm and 
the other chamber surface cause the other transducer to gene- 
rate a second electrical signal related to the compression fluc- 
tuations, and thereby the pressure fluctuations, in the other 
row of vortices. 

?• A dynamic fluid pressure sensor comprising : 
a sensor body (64) defining a sensor chamber (70) with a 
sensor chamber opening; 

an insulator body (78) occupying the sensor chamber and de- 
fining a transducer chamber (84a) with a transducer chamber ope* 
ning and a chamber surface (86a) opposite the opening? 

a vibratory diaphragm (66a) mounted on the body and sea- 
ling the openings; and 

a piezoelectric transducer (72a) located in the transducer 
chamber (84a) between the diaphragm and the chamber surface, 
the transducer being in contact with the diaphragm and the cham- 
ber surface, with the relative rigidities of the chamber sur- 
face, transducer and diaphragm being such that pressure fluc- 
tuations outside the chamber against the diaphragm cause com- 
pression fluctuations in the transducer, and with the trans- 
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ducer orientated such that compression fluctuations of the 
transducer between the diaphragm and chamber surface cause the 
transducer to rcsponsively generate an electrical signal re- 
lated to the compression fluctuations r and thereby the pressure 
fluctuations . 
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